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1
$B=\{0,1\},$ $B_{n}=\{f|f :B^{n}arrow B\}$ . Markov [2] , $F\subseteq B_{n}$ ,
$b(n)=$ $\log(n+1)1$ NOT . ,
NOT $b(n)$ , . Fischer [1]
, $n$ , $O(n^{2}(1ogn)^{2})$ . Tanaka
Nishino [4] , $O(n(\log n)^{2})$ .
, $n$ ,




$\{\wedge, \vee, \neg\}$ , $\{\wedge, \vee\}$ . ,.n
$\{x_{1}, \ldots, x_{n}\}$ $X_{n}$ , $V_{n}=\{\neg x_{1}, \ldots, \neg x_{n}\}$ . $C^{b(n)}(f)$ , $f$
, $D^{b(n)}(f)$ , $f$ . , $V_{n}$
$\mathcal{I}_{n}$ .
#1 $(X_{n})$ $X_{n}$ 1 . , $A=(a_{1}, \ldots, a_{n})\in\{0,1\}^{n},$ $B=$
$(b_{1}, \ldots, b_{n})\in\{0,1\}^{n}$ , $1\leq i\leq n$ $a_{i}\leq b_{i}$ $A\leq B$ , $A\leq B$ ,
$a_{i}<b_{i}$ $1\leq i\leq n$ $A<B$ . , $n$ $f$





, - , $n=2^{l}-1$ . $\mathcal{I}_{n}$ $l$ $(l=\log(n+1))$




, $A\in\{0,1\}^{n}$ , $A_{1},$ $\ldots,$ $A_{n}(A_{i}\in\{0,1\}^{n}, 1\leq i\leq n)$
.
1. $\# 1(A)=k$ $A_{k}=A$ .
2. $A_{k-1}$ , #1 $(A_{k-1})=k-1$ $A_{k-1}<A_{k}$ .
$A_{k-2}$ , $\neq 1(A_{k-2})=k-2$ $A_{k-2}<A_{k}$ .
$A_{0}=(0,0, \ldots, 0)\in\{0,1\}^{n}$ .
3. $A_{k+1}$ , #1 $(A_{k+1})=k+1$ $A_{k}<A_{k+1}$ .
$A_{k+2}$ , $\neq 1(A_{k+2})=k+2$ $A_{k+1}<A_{k+2}$ .
$A_{n}=(1,1, \ldots, 1)\in\{0,1\}^{n}$ .
1 $A_{0},$ $\ldots,$ $A_{n}$ , $A_{i}\neq A_{j}$ $Y(A_{i})\neq Y(A_{j})$ .
2 $A,$ $B\in\{0,1\}^{n}$ . , $\# 1(A)=\# 1(B)$ $Y(A)=Y(B)$ .
96
3 $A,$ $B\in\{0,1\}^{n}$ . $\# 1(A)\neq\# 1(B)$ $Y(A)\neq Y(B)$ .
3 , $Y(A_{0}),$ $\ldots,$ $Y(A_{n})$ , . $Y$
, $n+1$ . $Y$ $l=\log(n+1)$ , $2^{l}=n+1$ , $Y$
$(0, \ldots, 0)$ $(1, \ldots, 1)$ , $l$ . , 2
, $y_{1},$ $\ldots,$ $y\iota$ , .
, NOT 1 1 , $y_{1},$ $\ldots,$ $y_{l}$ NOT
, $z_{1},$ $\ldots,$ $z_{l}$ , , . $Z(X_{n})=$
$(z_{1}(X_{n}), \ldots, z_{l}(X_{n}))$ .
4 $A=(0, \ldots, 0),$ $B=(1, \ldots, 1)\in\{0,1\}^{n}$ . $Z(A)=(0, \ldots, 0)$ , $Z(B)=(1, \ldots, 1)$
$A_{0}=(0, \ldots, 0),$ $A_{n}=(1, \ldots, 1)$ , $A_{i},$ $1\leq i\leq n-1$ .
, $z_{i}$ spectrum , $s(z_{i})=(r_{1}, \ldots, r_{k})$ . , $\{r_{1}, \ldots, r_{k}\}=\{t|1\leq t\leq$
$n,$ $z_{i}(A_{t-1})\neq z_{i}(A_{t})$ } , $r_{1}<r_{2}<\cdots<r_{k}$ . $z_{i}$ , $s(z_{i})$
.
, $1\leq i\leq.l$ , 4 , $z_{i}(A_{0})=0$ .
$z_{i}$ . $y_{i}$ spectrum $s(y_{i})$ .
1 , $Y(A_{i})=(\overline{z_{1}(A_{i})}, \ldots, \overline{z_{l}(A_{i})}),$ $0\leq i\leq n$ . , $i$ $0$ $n$
, , $Y(A_{i})$ $(0, \ldots, 0)$ $(1, \ldots, 1)$ $l$ =
. , $(z_{i}(A_{0}), \ldots, z_{i}(A_{n}))$ , $(n+1)/2=2^{l-1}$ $0$ 1 .
1 $z_{1},$ $\ldots,$ $z_{l}$ , : $i(1\leq i\leq l)$ , $z_{i}$
, $\mathcal{I}_{n}$ $y_{1},$ $\ldots,$ $y_{i-1}$ , AND , $OR$
. $z_{i}$ spectrum ,
$s(z_{i})=( \frac{n+1}{2^{i}},$ $\frac{2(n+1)}{2^{i}}\cdots\frac{(2^{i}-1)(n+1)}{2^{i}}I$
.
Proof. 1 ($i=1$ ): $z_{1},$ $\ldots,$ $z_{l}$ , $\mathcal{I}_{n}$ NOT
, . , , zl-






. ( $\mathcal{I}_{n}$ , $z_{1}$ , AND OR
, $C^{m}(T_{(+1)/2}^{n_{n}})$ )
, $z_{2},$ $\ldots$ , $z_{l}$ , , $\mathcal{Z}j$ spectrum
$s(z_{j})=((n+1)/2)$ , $z_{j}=z_{1}$ .
2($i\geq 2$ ): $z_{2},$ $\ldots,$ $z_{l}$ , NOT
( $D$ ) . , $D$ $z_{2}$ . ,
$D$ NOT 2 . 1 , NOT
$z_{j},$ $z_{k},$ $\ldots$ , NOT .
- $Zj$ . , $Zj$ NOT . $D$ NOT
. .
1 , $z_{2},$ ) $z_{l}$ , NOT . , $z_{2}$
$D$ NOT 1 . $D$ , $y_{1}$ AND , OR
. , $D$ $y_{1}$ , $z_{2}$
.
, 1 , $y_{1}=\neg T_{(+1)/2}^{n_{n}}$ . , #1 $(X_{n})<(n+\backslash 1)/2$
$y_{1}(X_{n})=1$ , $\# 1(X_{n})\geq(n+1)/2$ $y_{1}(X_{n})=0$ . , $z_{2}$ spectrum
1 $0$ , #1 $(X_{n})=(n+1)/2$ . 4
, $z_{2}(A_{0})=0$ $z_{2}(A_{n})=1$ . $z_{2}$ spectrum ,
$\underline{0\cdots 01\cdots 10\cdots 01\cdots 1}$
$(n+1)/2$ $(n+1)/2$
. 1 , $z_{2}$ spectrum $0$ 1 .
, $i$ $j$ $(1\leq i\leq n, 1\leq j\leq l)$ $z_{j}(A_{i-1})$ $n+1$ $l$ 0-1
($l=3$ 2 ). 1 2
$(p, q)$ , $(0,0),$ $(0,1),$ $(1,0),$ $(1,1)$ , 1
, .
, $z_{2}$ spectrum ,
$s(z_{2})=( \frac{n+1}{4}\frac{n+1}{2}\frac{3(n+1)}{4})$
.
, $\mathcal{I}_{n}$ , $y_{1}$ , AND , OR












, , $3\leq i\leq l$ $i$ .
1 , .
2 $n\geq 1$ ,
$C^{b(n)}(V_{n})\geq 5n+3\log(n+1)-6$ .




. , path synchronous cir-
cuit (see [3]).
4 $n\geq 3$ , $V_{n}$ synchronous circud , $4n\log(n+$
$1)+2n$ .
$\mathcal{I}_{n}$ $b(n)$ NOT $N_{1},$ $\ldots,$ $N_{b(n)}$ . , NOT
:
99
$N_{i+1}(0\leq i\leq b(n)-1)$ NOT $N_{1},$ $\ldots,$ $N_{1}$. , .
$N_{1},$
$\ldots$ , Ni , $N_{i+1}$ .
, $\mathcal{I}_{n}$ NOT , [4].
, $V_{n}$ , .
, .
$A$ : $\mathcal{I}_{n}$ $G$ , :
Al $\mathcal{I}_{n}$ $N_{1},$ $\ldots,$ $N_{b(n)-1}$ $G$ path , ,
A2 $\mathcal{I}_{n}$ $G$ $N_{b(n)}$ path .
5 $A$ , $V_{n}$ $\Omega(n\log n)$ .
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